The American Academy of Pediatrics states that all children should have a medical home that is "accessible, comprehensive, continuous, compassionate, culturally effective, and family centered." 1 The medical home concept has gained considerable attention with health care reform, but its impact on health outcomes, although likely positive, 2,3 remains unclear. With regard to hospital admission, some studies show the medical home to be protective, [4] [5] [6] but others demonstrate no effect. [7] [8] [9] [10] Potential benefits may result from specific components of the medical home, such as continuity of care. 6, 11 For hospitalized children, the role of the medical home in preventing hospital readmission is unknown.
Medical home quality has been measured by using a variety of tools. The Parents' Perception of Primary Care (P3C) 12 has undergone "rigorous testing of validity and reliability." 13 It yields a total score of medical home quality and 6 subscale scores assessing various medical home components. For children with asthma, additional specific measures of primary care quality also exist. 14 Asthma is one of the most common chronic conditions of childhood. Nationally, asthma exacerbation is among the most frequent reasons for pediatric hospitalization. Children who are hospitalized with asthma exacerbations are at significant risk of readmission. [15] [16] [17] Many hospitalizations for acute asthma exacerbations are considered preventable. 18 Receiving primary care in a medical home is associated with fewer emergency department (ED) visits for asthma. 19 However, the effect of the medical home on asthma hospitalization and readmission is unclear. Access to a medical home is not universal, and significant disparities exist for children with special health care needs 20, 21 and asthma. 22 These disparities may contribute to hospitalization rates in children with asthma.
We sought to understand if a higher quality medical home was associated with decreased readmissions for children with asthma. We examined associations between aspects of medical home and readmission in a cohort of children recruited during an index hospitalization for asthma exacerbation.
METHODS

Sample
Children hospitalized for acute asthma exacerbation at a single institution between April 2008 and May 2009 (N = 601) were enrolled in a prospective observational cohort study and followed for a minimum of 1 year (or until readmission). Eligible patients were aged 1 to 16 years and resided in the institution' s 8-county primary service area. The institution is a large, freestanding, tertiary-care children' s hospital in a Midwestern urban area. It is the primary site of inpatient pediatric care in the area, managing ∼85% of all pediatric asthma admissions. 23 Potential subjects were identified on the basis of admission diagnosis (International Classification of Diseases, Ninth Revision, Clinical Modification 493.XX) and initiation of the evidencebased clinical pathway for acute asthma care by the admitting physician. The pathway includes orders for education and the standardized bronchodilator weaning protocol. Institutional quality assurance data indicate that the pathway is used for .98% of all asthma admissions. Patients were excluded if, after the initial assessment, the attending physician removed the patient from the asthma pathway due to an alternative diagnosis (eg, bronchiolitis). Children were also excluded if they had comorbid conditions including cystic fibrosis or congenital heart disease. Caregivers must have been able to participate by using written or oral English (Fig 1) . The study was approved by the institutional review board.
Measures
Outcome
Given the hypothesis that medical home would have an impact on readmission risk beyond the traditional 30-day readmission time frame, children were followed prospectively for a minimum of 1 year. Readmission events were captured with discharge diagnosis International Classification of Diseases, Ninth Revision, Clinical Modification codes (493.XX) from hospital billing data. Time to readmission was calculated as the time interval between the index admission and the first asthma-related hospital readmission. Censoring occurred at the end of the follow-up period (June 2010). A randomly selected 25% of enrolled patients were contacted by phone 12 months after their index admission to assess self-reported readmission events to estimate loss to follow-up.
Medical Home
Research personnel administered a 134-question face-to-face interview with the child's caregiver, with the timing dependent on the availability of caregivers and research assistants. The survey included the 23-item, Likertbased P3C scale. The P3C was initially developed from a group of caregivers with diverse racial, ethnic, and educational backgrounds. 12 To ensure understanding by caregivers with potentially low literacy levels, we administrated the survey either written or orally. The P3C is scored by assigning each response a number from 0 to 100. A score of 0 indicates poor quality (eg, the doctor never knows the child' s medical history or it is never easy to travel to the doctor), and 100 represents perfect quality (eg, the doctor always knows the child' s history or it is always easy to travel to the doctor). The total P3C score, measuring overall quality of the medical home, was calculated as the average of nonmissing questions.
The P3C was developed with 6 subscales assessing continuity, access, contextual knowledge, communication, comprehensiveness, and coordination of care. Continuity assessed the length of the primary care relationship. Access measured items including ease of travel to the primary care provider (PCP) and availability of routine care, sick care, and evening/weekend advice. The contextual knowledge subscale measured perception of the PCP' s knowledge of the child. Communication assessed parental comfort with asking questions and physician explanations. Comprehensiveness measured how well the PCP discusses overall health and safety. Finally, the coordination subscale assessed assistance with accessing other health care sources.
The original continuity subscale gives full credit to patients who have had a single provider for .5 years. 12 If a child was ,5 years old, we modified scoring such that the patient received full continuity credit if the child had been with a provider for his or her entire life. Otherwise subscale scores were calculated as an average of the nonmissing questions within each subsection.
Total and subscale responses were analyzed in 3 strata: average scores of always (100), almost always (75-99), or sometimes/often/never adequate (,75). Strata were chosen a priori based on the P3C scoring method such that the cut points corresponded to the response choices and distribution of data. Because of the novel nature of these cut points, we also used an analysis with the scores operationalized as continuous variables, which revealed the same results as the stratified analysis.
Four asthma-specific questions of quality of care were also included in the survey. These included the preferred source of both acute asthma care and prescriptions for asthma, whether the patient had visited their PCP in the week before the admission, and if the caregiver had called the PCP in the week before the admission. 14 
Other Predictors
Covariates included child age, race, insurance, household income, maternal education, and past history of inhaled corticosteroids. Past history of inhaled corticosteroid use was used as a marker to adjust for asthma severity.
Analyses Time-to-event analysis with Cox proportional hazards was used to determine the hazard for readmission. Primary predictors of readmission included medical home quality measures: total P3C score, each subscale P3C score, and the 4 asthma-specific items. Analyses were adjusted for covariates. The proportional hazards assumption was also verified.
Because access and insurance are related, 3, 14, [24] [25] [26] [27] exploratory post hoc analyses were performed to better understand this relationship. For these analyses, we defined good access as $75 on the P3C access subscale and poor access as a score of ,75. We examined 4 subgroups: children with private insurance and good access, children with Medicaid and good access, children with private insurance and poor access, and children with Medicaid and poor access. We used logistic regression to assess the association between readmission within 1 year and each subgroup. The logistic regression model was adjusted for the same covariates as the primary timeto-event model, with the exception of insurance, because it was used to define the subgroups. Posterior prediction was used to present the adjusted percentage of readmission within 1 year. All analyses were performed with Stata version 12 (Stata Corp, College Station, TX).
RESULTS
Study Sample
Demographic characteristics of children enrolled in the study are presented in Table 1 . The population had a median age of 5 years, was 53% African American, and 56% publically insured. Patients were followed for a median of 548 days with a range of 2 days (due to readmission) to 797 days. Compared with enrolled children, eligible but unenrolled children were no different in terms of age, gender, race, or insurance.
Medical Home and Readmission
At 1 year, 22.5% had been readmitted for an acute asthma exacerbation. Of the 151 children randomly selected to receive a follow-up via phone call, 38 reported being readmitted since study enrollment. We were able to verify through chart review that 34 were readmitted at the primary institution for asthma exacerbations. Three others had been admitted or returned to the ED for a nonasthma visit. One patient reported being hospitalized at an outside institution and did not have a subsequent ED or admission encounter at our institution.
The mean total P3C score was 84. For overall medical home quality, 13% of caregivers had a score correlating to always adequate quality (P3C score = 100), 68% had a score of almost always adequate (P3C score = 75-99), and 23% had a score of sometimes/often/never adequate (P3C ,75). Mean subscale scores were 76, 83, 85, 93, 85, and 89 for continuity, access, contextual knowledge, communication, comprehensiveness, and coordination of care, respectively. Most items had missing responses ranging from 1 to 19 subjects. A group of 10 patients did not answer a majority of the questions after answering that their child did not receive care from a particular person or place. These children were given scores of 0 for the total and subscales. A sensitivity analysis excluding these children did not affect the medical home associations.
Unadjusted Analyses
Total P3C score was not associated with readmission. Among the subscales, having the lowest level of access to care (score ,75) was associated with increased hazards of readmission compared with the best access to care (hazard ratio 1.8, P = .001). The other P3C subscales were not associated with readmission. Unadjusted time-toevent curves, stratified by total P3C and access subscale scores, are presented in Fig 2. African American children had significantly higher hazards of readmission compared with white children (P = .001). Children with Medicaid had higher hazards of readmission compared with those with private insurance (P = .05). Children with mothers who did not complete high school (compared with those with a college degree) and children with a family income ,$90 000 annually (compared with income .$90 000) had significantly higher hazards of readmission (P , .05). Children who had been prescribed inhaled corticosteroids had significantly higher hazards of readmission compared with those who had never been on inhaled corticosteroids (P = .006) ( Table 2) . Age was not associated with readmission.
Adjusted Analyses
Patients with low medical home access (score ,75) had a significantly increased risk of readmission compared those with the highest level of access after adjusting for covariates (adjusted hazard ratio 1.56, 95% confidence interval 1.06-2.32). Total P3C score and other subscale scores were not associated with readmission. The associations of income, insurance, and maternal education with readmission risk were no longer evident in the adjusted model. African American race and history of inhaled corticosteroids remained significant predictors of readmission (Table 2) .
In subgroup analyses, children with private insurance and good access (score $75) had the lowest rate of readmission (adjusted 18.1%) and those with Medicaid and poor access (score ,75) had the highest rate of readmission (adjusted 25.9%) within 1 year (Table 3) .
We found that 45% of children with good access reported receiving acute asthma care from their PCP compared with 33% among those with poor access. Children with poor access used the ED as their primary source of acute asthma care more frequently than children with good access (53% vs 33%). Finally, 34% of those children with good access visited or called their PCP in the week before admission compared with just 21% of those with poor access.
Children who received acute asthma care or prescriptions from the ED did not have increased hazards of readmission compared with children who received asthma care from their PCP. Children who called or visited their PCP in the week before the index admission had similar readmission risk compared with those who had not.
DISCUSSION
The medical home is a focus of national attention but does not reflect just 1 aspect of care. 28 Among children hospitalized with an acute asthma exacerbation, access to primary care was the only aspect of medical home that we found to be significantly associated with readmission. Access to care is an important finding and should also be considered in the context of insurance. A majority of children with private insurance report having good access to care and had the lowest readmission rates within 1 year. In contrast, almost one-third of children with Medicaid reported having poor access to primary care and had the highest adjusted rates of readmission within 1 year.
Our findings complement previous findings of primary care as measured by the P3C scale. P3C score has also been linked to health-related quality of life. 12 In children with asthma, the score correlates with families' perceptions of barriers to care. 29, 30 Access may be especially important in asthma because children who are able to be seen or receive advice early during an exacerbation may avoid hospitalization. Children with poor primary care access go to the ED during an exacerbation more often than those with good access. It is possible that children with equally severe exacerbations may have different admission rates depending on the site of care (ED versus private practice). If children seen in the ED are more likely to be admitted, this potentially explains the higher readmission risk in children with poor access.
In the analysis of insurance and access, overall the observed readmissions match well with the adjusted predicted percentage of readmission within 1 year. One exception is that we found children with private insurance and poor medical home access had a higher observed readmission rate within 1 year than predicted by the logistic regression model. The small size of this group makes interpreting this difference challenging. One possibility is children with poor access and private insurance may have higher-cost-sharing insurance plans, which has been associated with higher hospitalization rates in older children with asthma 31 ; however, we did not assess the details of the insurance plan in this study. Another possibility is business policies at some primary care offices may unintentionally adversely affect access.
ED utilization for acute asthma care is common and often precedes hospitalization. Not surprisingly, more than half of children with poor PCP access use the ED as their source of acute asthma care. Still, one-third of children with good primary care access also report using the ED as their source of acute asthma care. Although this seems high, within a cohort of children with asthma recruited from the ED, 51% to 70% reported using the ED as their source of acute asthma care with variation depending on insurance type. 14 Thus, our findings, taken from an inpatient cohort, although certainly higher than desirable, seem consistent with the literature. The frequent use of the ED may be attributed to 2 phenomena. First, some children with asthma may have an exacerbating phenotype. Caregivers of these children recognize that, given certain symptoms, their child should be seen in the ED for care. Second, some people might rate the ED as having excellent access (because the ED is always open and available via ambulance). Within our data, we do not know how many caregivers consider the ED as their source for primary care. However, only 1 person reported having good access to care and no particular place for primary care in the P3C continuity assessment.
FIGURE 2
Unadjusted time to readmission curves for total P3C score and access P3C subscale.
The mean P3C score in our study was 84, which is higher than the mean scores previously published in various populations ranging from 48 to 81. 12, 30, 32, 33 The lowest previously published mean score (48) was for children without health insurance, which was infrequent in our population. The higher mean score in our population might reflect regional differences between our Midwest setting and California, where these previous studies were performed. It is also possible that medical home scores may be higher at our institution as a result of an outpatient asthma pay-for-performance initiative that occurred before our study. 34 Caregivers may respond to the P3C questionnaire differently in the setting of a hospitalization. Under the stress of an acute illness, caregivers may respond more negatively about their primary care experience or have fresh recall of a problem with access. Conversely, during a face-to-face interview while awaiting discharge, caregivers may respond more positively about their primary care experience to avoid any potential discharge delay caused by caregiver' s concerns about follow-up plans. Additional qualitative work will be necessary to understand more fully how these competing issues affect how caregivers answer the P3C during a hospitalization.
Our study had some limitations. First, the observational study design leaves open the possibility of unknown confounders. However, our analysis adjusted for the most plausible covariates including asthma severity, income, maternal education,and insurance. Second, we do not know if a child's medical home remained the same throughout the follow-up period. One would hypothesize that children with a lowerquality medical home would be more likely to change PCPs than children with higher-quality medical homes. This change would make it less likely for initially "at-risk" children to be readmitted. Such a change would make it more difficult to detect an association between medical home quality and readmission, if it existed. Third, this study was done at a single tertiarycare children' s hospital and included only English-speaking patients. Thus, the patients in our cohort may not be nationally representative. Finally, although the P3C was validated in the outpatient setting, we used it as an assessment of medical home in hospitalized children.
CONCLUSIONS
Among measured aspects of medical home in a cohort of hospitalized children with asthma, poor access was associated with increased readmission risk. Other measures of primary care quality were not associated with readmission. Children with private insurance and good access had the lowest rates of readmission within a year compared with other combinations of insurance and access. Improving physician access for children with asthma may decrease hospital readmission. 
